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Abstract: The aim of the present study was to investigate the clinicopathologic/prognostic 
significance of thymidylate synthase (TS), orotate phosphoribosyltransferase (OPRT), and 
thymidine phosphorylase (TP) proteins in postoperative non-small cell lung cancer (NSCLC) 
patients. Microarray slides from a set of 178 NSCLC patients were used for the detection of TS, 
OPRT, and TP expression by immunohistochemistry. The correlation between clinicopathologic 
factors and protein expression of three proteins was analyzed. Ninety seven carcinomas (57.4%) 
were TS-positive, 90 carcinomas (53.9%) were OPRT-positive, and 102 carcinomas (69.4%) 
were TP-positive. Compared with the TS-positive patients, the overall survival (OS) was sig- 
nificantly lower in the TS-negative patients (hazard ratio [HR] =1 .766, 95% confidence interval 
[CI] =1.212-2.573, P=0.003). Significant differences between TS-positive and TS-negative 
patients was also observed in the following stratified analyses: 1) adenocarcinoma subgroup 
(HR =2.079, 95% CI =1 .235-3.500, P=0.006); 2) less than 60-year-old subgroup (HR =1.890, 
95% CI =1.061-3.366, P=0.031); 3) stage II/III subgroup (HR =1.594, 95% CI =1.036-2.453, 
P=0.034); and 4) surgery plus adjuvant therapy subgroup (HR =1 .976, 95% CI =1 .226-3. 1 85, 
P=0.005). However, the OS was not significantly correlated with OPRT or TP protein expression. 
This study demonstrates that the TS level in tumor tissues may be a useful marker to predict the 
postoperative OS in NSCLC patients. 

Keywords: orotate phosphoribosyltransferase, thymidine phosphorylase 

Introduction 

Lung cancer is a leading cause of cancer deaths worldwide' Non-small cell lung 
cancer (NSCLC), which accounts for approximately 80% of all lung cancers, is a 
very heterogeneous group of malignancies with a poor prognosis.^ For stages I-IIIa, 
surgery is still the first curative treatment for NSCLC patients. In addition, various 
combined-modality therapies, including chemotherapy and radiation therapy, have 
been assessed for improving the treatment outcome in NSCLC patients.^ Although 
the 5 -year survival rate after complete resection has been shown to be 67%-79% 
for stage I patients,'' the 3-year survival rate has been only 35%-55% and 28% for 
stage II and stage III NSCLC patients, respectively.^ The heterogeneous biological 
properties of NSCLC may affect the prognosis for patients with resectable NSCLC, 
and it is hard for the international lung cancer tumor-node-metastasis (TNM) stag- 
ing system to fully assess the prognosis of patients. Therefore, the TNM staging 
system needs to be improved by some molecular markers, which will help, not only 
to predict the recurrence as early as possible but also, to determine the indication 
of optimal therapeutic strategy as adjuvant therapies. However, reliable biomarkers 
are very limited. 
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Previous studies'""' have demonstrated that the genes 
involved in nucleotide metabolism and DNA repair play 
important roles in determining the biological pheno- 
type and prognosis of NSCLC, including Bcl-2, HER2, 
ribonucleotide reductase Ml (RRMl), and excision repair 
cross complement 1 (ERCCl). All of these are involved in 
DNA repair in the intracellular nucleotide excision repair 
system. With the development of molecular biology, other 
biomarkers that play important roles in nucleotide synthe- 
sis and DNA repair have attracted attention worldwide. 
Among them, nucleotide metabolic enzymes, such as 
thymidylate synthase (TS), orotate phosphoribosyltrans- 
ferase (OPRT), and thymidine phosphorylase (TP) have 
already been investigated for their prognostic potentials 
in different tumors. "'"'*''*"^' 

TS is the downstream member of ribonucleotide reductase 
and crucial for the formation of deoxyribothymidine mono- 
phosphate (dTMP) that is required for DNA synthesis and 
repair. TS expression is reported to have an intluence on the 
prognosis of tumors.'"" OPRT is a constitutively expressed 
enzyme that regulates the de novo pyrimidine nucleotide 
biosynthetic pathway, namely the conversion of orotic acid 
to orotidine monophosphate, and is also involved in salvage 
biosynthetic pathways. Previous studies showed that OPRT 
could be a prognostic marker in different cancers, includ- 
ing colorectal cancer (CRC), pancreatic cancer, and renal 
cancer. '^"''' TP is involved in the catalyzation of reversible 
phosphorylation of thymine to deoxyribose-1 -phosphate and 
thymine, and plays important roles in angiogenesis, cancer 
invasiveness, metastasis, and antiapoptosis.'^ TP is most fre- 
quently expressed in breast cancer, followed by lung cancer 
(adenocarcinoma [ADC] and squamous cell carcinoma).'* 
Previous study found that a high level of TP expression is 
associated with more extensive angiogenesis, unfavorable 
clinical and laboratory findings, and poor clinical outcome 
in CRC' Subsequent studies also confirmed the prognostic 
role of TP in other types of cancer: transitional cell carci- 
noma of the bladder, cervical cancer, gastric carcinoma,'*"^" 
and lung cancer.^' 

Based on our previous studies of prognostic biomarkers 
in NSCLC patients^^-^' and their roles in nucleotide metabo- 
lism and DNA repair, we assumed that TS, OPRT, and TP 
might be potential prognostic markers for resectable NSCLC. 
However, there have been very few studies of these potential 
biomarkers in NSCLC; fiirther, previous results have been 
contradictory,^''^''"^'' especially for OPRT and TP, and have 
not confirmed which molecular marker can predict the prog- 
nosis of resectable NSCLC. 



Therefore, in the present study, we performed a large 
cohort retrospective clinical study to identify whether TS, 
OPRT, and TP are useful molecular markers for the progno- 
sis of overall survival (OS) in resected NSCLC patients. We 
used immunohistochemistry (IHC) to detect the intratumoral 
expression of these three potential markers and analyzed 
the correlation between the protein expression of the three 
potential biomarkers and clinicopathologic factors in resect- 
able NSCLC patients. 

Materials and methods 

Patients and tissue specimens 

The study sample included a total of 1 78 consecutive NSCLC 
patients who underwent radical surgery from February 1 994 to 
January 1 998 at the Cancer Center of Sun Yat-Sen University. 
These cases were selected based on the availability of resection 
tissue and follow-up data. Patients who had previous malignant 
disease or a second primary tumor were excluded. Tumor tissue 
samples from these patients were obtained from the surgical 
pathology archives of the Department of Pathology at the 
Cancer Center. The study was approved by the medical ethics 
committee of the Cancer Center of Sun Yat-Sen University. 

The pathologic TNM status of NSCLC was assessed 
according to the criteria of TNM classification of the 
International Union Against Cancer, 6th edition. Data on 
tumor differentiation grades and smoking history were missing 
for the majority of patients. The median age of patients was 
60 years (range, 24-94 years), and the male/female ratio was 
2.8:1. The patient demographics are listed in Table 1. All 
patients were followed up regularly until December 2010. 
The median follow-up time was 64.5+58.7 months, and 
117 cancer-related deaths were reported. 

In the majority of cases, lobectomy was performed ( 1 60 of 
1 78 patients), while 1 8 patients underwent pneumonectomy. 
Sixty-four percent of patients (114/178) received neoadju- 
vant and/or adjuvant chemotherapy/radiotherapy. Systemic 
chemotherapy was used in adjuvant settings, including 
mitomycin/vinblastine/cisplatin, etoposide/cisplatin, and 
tegafur (FT-207). 

Construction of tissue microarrays (TMA) 

The TMA was constructed according to the method as pre- 
viously described.^' Briefly, individual donor tissue blocks 
and the corresponding histological hematoxylin and eosin 
(H&E)-stained slides were overlaid for tissue TMA sampling. 
The tissue was sampled using a tissue microarray instrument 
(Beecher Instruments Inc., Sun Prairie, WI, USA). A 0.6 mm 
diameter cylinder of tissue was removed and re-embedded 
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Table 1 Summary for TS, OPRT, and TP expression in different clinicopathological characteristics in resected NSCLC patients 


Variables 


TS-positlve (%) 


P-value 


OPRT-posltive (%) 


P-value 


TP-positive (%) 


P-value 


Total 


97/169 (57.4) 




90/167 (53.9) 




102/147 (69.4) 




Age (years)* 














<60 


56/86 (65.1) 




46/83 (55.4) 




52/73 (71.2) 




>60 


41/83 (49.4) 


0.039 


44/84 (52.4) 


0.693 


50/74 (67.6) 


0.639 


Sex 














Male 


66/123 (53.7) 




67/126 (53.2) 




75/109 (68.8) 




Female 


28/46 (60.1) 


0.577 


23/41 (56.1) 


0.744 


27/38 (71.1) 


0.796 


pT status 














pTI 


8/9 (88.9) 




8/10 (80.0) 




7/8 (87.5) 




pT2 


47/87 (54.0) 




50/86 (58.1) 




53/78 (67.9) 




pT3 


29/54 (53.7) 




23/52 (44.2) 




32/47 (68.1) 




pT4 


13/19 (68.4) 


0.151 


9/19 (47.4) 


0.130 


10/14 (71.4) 


0.71 1 


pN status 














pNO 


47/72 (65.2) 




42/74 (56.8) 




40/62 (64.5) 




pNI 


19/35 (54.3) 




23/34 (67.6) 




27/33 (81.8) 




pN2 


30/60 (50.0) 




25/56 (44.6) 




34/50 (68.0) 




pN3 


1/2 (50.0) 


0.340 


0/3 (0) 


0.041 


1/2 (50.0) 


0.322 


Stage 
1 


32/47 (68.1) 




30/46 (65.2) 




30/43 (69.8) 




II 


23/40 (57.5) 




26/41 (63.4) 




24/34 (70.6) 




III 


42/82 (51.2) 


0.176 


30/78 (38.5) 


0.044 


48/70 (68.5) 


0.976 


Histology 














sec 


32/56 (57.1) 




29/58 (50.0) 




34/51 (66.7) 




ADSCC 


9/21 (42.8) 




9/20 (45.0) 




13/18 (72.2) 




ADC 


53/87 (60.9) 




49/84 (58.3) 




53/76 (69.7) 




Others** 


3/5 (60.0) 


0.518 


3/5 (60.0) 


0.630 


2/2 (100.0) 


0.769 


Treatment pattern 














Surgery alone 


36/62 (58.1) 




37/62 (59.7) 




37/53 (69.8) 




Surgery plus chemo 


41/64 (64.1) 




37/65 (56.9) 




35/53 (66.0) 




Surgery plus radiation 


13/32 (40.1) 




1 1/30 (36.7) 




25/33 (75.8) 




Surgery plus radiation 


7/1 1 (63.6) 


0.170 


5/10 (50.0) 


0.194 


5/8 (62.5) 


0.779 


and chemotherapy 














Notes: Chi-square test; *mean 


age: **others include anaplastic large-cell 


carcinoma, sarcoma, adenoid cystic 


carcinoma, and 


mucoepidermoid carcinoma 


and carcinoid 



tumor. 

Abbreviations: ADC, adenocarcinoma: ADSCC, adenosquamous carcinoma: chemo, ciiemotiierapy: 
phospiioribosyltransferase: pN, pathologic nodal stage: pT, pathologic tumor size stage: SCC, squamous cell 
synthase. 



NSCLC, non-small cell lung cancer: OPRT, orotate 
carcinoma; TP, thymidine phosphorylase; TS, thymidylate 



into a predetermined position in a recipient paraffin block. 
Three core samples were selected from each primary tumor. 
Multiple sections (5 |J,m thick) were cut from the TMA block 
and mounted on microscope slides. 

Immunohistochemistry 

The primary antibodies used in this study were mouse anti- 
human TS monoclonal antibody (MAB4130, clone TS106, 
Merck Millipore, Billerica, MA, USA) (1:50 dilution in phos- 
phate-buffered saline [PBS]); Rabbit anti-human OPRT poly- 
clonal antibody (14830-1-AP, Proteintech Group, Chicago, 
IL, USA) (1:100 dilution in PBS); and mouse anti-human 
TP monoclonal antibody (ab3135, Abeam pic, Cambridge, 
UK) (1:50 dilution in PBS). Multiple 5 |im TMA sections 
were deparaffinized and rehydrated through graded alcohol. 
Prior to immuno staining, the TMA sections (for TS and 



OPRT staining) were treated by microwaving for 23 minutes 
in 10 mM citrate buffer (pH 6.0). For antigen retrieval, tissue 
slides were boiled in 10 mM citrate buffer (pH 6.0) in a 
pressure cooker for 10 minutes (for TS and OPRT) or in a 
microwave for 10 minutes (for TP). The sections were treated 
with 0.3% hydrogen peroxide for 15 minutes to quench the 
endogenous peroxidase activity, rinsed in 150 mM PBS 
(pH 7.6), then incubated with the primary antibodies at 4°C 
overnight. All incubation was performed in a moist cham- 
ber. Subsequently, the slides were incubated with appropri- 
ate biotinylated secondary antibodies (PV-6001 Two-Step 
IHC Detection Reagent, Merck Millipore, Billerica, MA, 
USA) at a concentration of 1:100 for 30 minutes at 37°C 
and then reacted with streptavidin-peroxidase conjugate 
for 30 minutes at 37°C and 3'-3' diaminobenzidine (DAB; 
K5007 substrate buffer DAB+ Chromogen, Dako Denmark 
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A/S, Glostrup, Denmark) as a chromogen substrate. The 
nucleus was counterstained using Meyer's hematoxylin. 
A negative control was obtained by replacing the primary 
antibody with normal murine IgG. The labeling indices for 
TS, TP, and OPRT proteins were determined by calculating 
the percentage of immunoreactive cells in more than 500 
cancer cells (Figure 1). 

TS and OPRT proteins were observed in the cytoplasm, 
while TP protein was observed in both the cytoplasm and 



nucleus, by immunostaining. Two independent pathologists 
(DX and ML) who were blinded to clinicopathologic infor- 
mation, performed the scorings. All sections were scored in 
a semiquantitative manner according to methods described 
previously,^^ reflecting both the intensity and percentage 
of stained cells. Intensity was classified as 0 (no staining), 
tl (weak staining), t2 (moderate staining), or t3 (strong 
staining), and grades 0 and 1 were categorized as negative, 
and grades 2 and 3 as positive for TS, TP, and OPRT. 





Figure I Representative images of immunohistochemical staining in human NSCLC tissues (original magnification, x200). 

Notes: (A) TS-positive expression; (B) TS-negative control; (C) OPRT-positive expression; (D) OPRT-negative control; (E) TP-positive expression; and (F) TP-negative 
control. 

Abbreviations: NSCLC, non-small cell lung cancer; OPRT, orotate phosphoribosyltransferase; TP, thymidine phosphorylase; TS, thymidylate synthase. 
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Statistical analysis 

SPSS software (SPSS Standard version 16.0; SPSS Inc., 
Chicago, IL, USA) was used for the data analysis. OS was 
defined as the period from the date of surgery to death or 
last follow-up visit. The chi-square test was used to assess 
the possible correlation between expression ofTS, TP, and 
OPRT and clinicopathologic parameters. Univariate analysis 
by the Kaplan-Meier method and log-rank test was carried 
out by comparing OS and three biomarkers. The relative risks 
(RRs) of OS associated withTS/TP/OPRT expression status 
were estimated from univariate Cox proportional hazards 
model. Multivariate survival analyses of all parameters were 
used in the Cox regression model. P<0.05 (two-sided) was 
considered statistically significant. 

Results 

Expression ofTS, OPRT, 
and TP in NSCLC samples 

The evaluation of TS, OPRT, and TP expression was per- 
formed blind to clinical outcomes. The noninformative 
samples, including unrepresentative samples, samples with 
too few tumor cells (<300 cells per case), and lost samples, 
were not used in data compilation. IHC results were obtained 
from the expressions ofTS in 169 cases, OPRT in 167 cases, 
and TP in 147 cases, respectively. 

TS staining showed that 97 carcinomas (57.4%) were 
TS-positive (Figure lA). The level ofTS expression was not 
correlated to sex, tumor status, nodal status, pathological stage, 
histology types, or treatment model in the whole NSCLC 
cohort (P>0.05), but the frequency of TS-positive tumors in 
patients <60 years was significantly higher than that in patients 
>60 years (65.1% versus 49.4%) (P=0.039) (Table 1). In 
addition, 90 carcinomas (53.9%) were OPRT-positive tumors 
(Figure IC), and 102 carcinomas (69.4%) were TP-positive 
tumors (Figure IE). The frequency of OPRT-positive tumors 
was obviously high in the patients with lower pathologic nodal 
(pN) stage and lower pathological stage (/'=0.041 and/'=0.044, 
respectively) (Table 1), but neither OPRT nor TP expression 
was correlated to clinicopathologic parameters, such as tumor 
size, histology types, treatment model, etc (Table 1). 

Correlation of TS/OPRT/TP expression 
with clinicopathologic features 
and patient survival 

In the whole cohort, the 5-year and 10-year survival rates 
were 42% and 31%, respectively. Using univariate analysis, 
the TS-positive patients had a significantly higher OS rate 



than did the TS-negative patients (^=0.003) (Figure 2A and 
Table 2). Stratified analysis revealed that the positive cor- 
relation between TS expression and OS was found in ADC 
(P=0.005) (Figure 2B) but not in squamous cell carcinoma 
and adenosquamous cell carcinoma. Furthermore, similar 
positive correlation was also found using the following 
parameters: patients <60 years (P=0.028) (Figure 2C), patho- 
logic tumor size (pT)l/T2 (P<0.001) (Figure 2D), pNO/Nl 
(P<0.010) (Figure 2E), stage II/III (P=0.032) (Figure 2F), 
and surgery plus chemotherapy and/or radiation (/'=0.002) 
(Figure 2G). Results from hazard ratios (HRs) showed that 
the TS-negative group had higher risk of death, in the whole 
group and in subgroups, such as ADC, patients <60 years, 
pTl/T2, pNO/Nl, and stage II/III, surgery plus chemotherapy 
and/or radiation (Table 3). However, neither OPRT expres- 
sion nor TP expression was significantly correlated to OS, in 
the whole cohort and subgroups. In addition, Kaplan-Meier 
analysis demonstrated that some clinicopathologic prognostic 
parameters, such as tumorpN status (/'<0.001) and clinical 
stage (P<0.00\), were related to patient survival, but no 
significant correlation was found between survival and other 
clinicopathologic parameters (data not shown). 

Multivariate Cox's proportional 
hazards model analyses 

Multiple Cox regression was applied with backward elimi- 
nation for the selection of the prognostic factors for OS 
and revealed that TS status (TS negative versus positive) 
(HR = 1.604, 95% CI =1.040-2.472, P=0.032) andpN status 
(N2 versus NO) (HR =2.900, 95% CI =1.777-4.735, 
P<0.001) were independent prognostic factors for OS. The 
proportional hazards assumption was adequately met. 

Discussion 

The present study indicated that TS expression could predict 
the postoperative survival, especially in NSCLC patients 
with the following characteristics: <60 years old, stage II/III, 
ADC, and undergoing surgery plus chemotherapy and/or 
radiation as adjuvant therapy. However, the present study 
did not confirm the clinical prognostic biomarkers of TP and 
OPRT in resectable NSCLC patients. To our knowledge, this 
work is the first study to investigate the prognostic potential 
ofTS, OPRT, and TP in resectable NSCLC patients, in a big 
cohort with long follow-up time. 

TS is a key enzyme for pyrimidine nucleotide synthesis 
and DNA-damage repair^' thus it is reasonable to assume 
that TS might play an important role in regulating the 
malignant potential in some types of cancers. Moreover, 
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Time (months) Time (montlis) 




Time (montlis) Time (montlis) 





Figure 2 (A) Kaplan— Meier plot of OS in TS negative and positive groups; (B) adenocarcinoma patients: (C) patients under 60 years old; (D) patients with pTI/T2; (E) 
patients with pNO/N I ; (F) patients with stage ll/lll; (G) patients with surgery plus chemotherapy and/or radiation treatment. 

Abbreviations: C, chemotherapy; OS, overall survival: pN, pathologic nodal; pT, pathologic tumor size; R, radiotherapy; S, surgery; TS, thymidylate synthase; y, years. 



Chu et al revealed that TS protein regulates p53 expression 
at the translational level. Since p53 plays a substantial 
role in the regulation of cell cycle progression, DNA 
synthesis, and apoptosis, the regulation of p53 expression 
by TS may be involved in the clinical correlation of TS 
expression with prognosis. Many previous studies reported 
that TS level can predict the overall outcome in patients at 



an early stage of CRC,^' '^ and gastrointestinal and breast 
carcinomas." ''' However, the prognostic potential of TS is 
still controversial, even in CRC patients, with some reports 
failing to demonstrate a relationship between TS expression 
and survival.'^ '* 

In NSCLC patients, some studies demonstrated that a 
high level of TS is related to poor survival;^'-^"'^' however, 
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Table 2 Correlation between the 10-year OS rate and TS/OPRT/TP expression in different clinicopathologic parameters in NSCLC 
patients 



Variables 



TS- TS- 

negative positive 

10 years (%) 10 years (%) 



P-value OPRT- OPRT- P-value TP- TP- 

negative positive negative positive 

10 years (%) 10 years (%) 10 years (%) 10 years (%) 



P-value 



Total group 
Subgroups 

Age (years) 

<60 

2:60 
Histology 

ADC 

SCC + ADSCC 
pT status 

pTI/T2 

pT3/T4 
pN status 

pNO/N I 

pN2/N3 
Stage 

I 

ll/lll 

Treatment model 
Surgery alone 
Surgery plus chemo 
and/or radiation 



IE 



24 
16 

16 

22 

7 
28 

26 
7 

27 
16 

22 
16 



41 



45 
34 

38 
44 

55 
22 

51 
18 

52 
35 

40 
41 



0.003 



0.028 
0.159 

0.005 
0.179 

0.000 
0.700 

0.010 
0.468 

0.055 
0.032 

0.243 
0.002 



31 



37 
26 

30 
34 

35 
28 

48 
9 

47 
26 

32 
31 



34 



44 

23 

3! 
38 

42 
18 

39 
19 

45 
27 

35 
33 



0.896 



0.295 
0.996 

0.666 
0.605 

0.295 
0.778 

0.502 
0.398 

0.916 
0.566 

0.787 
0.181 



26 



33 
19 

21 
31 

27 
25 

37 
0 

38 
20 

22 
29 



31 



40 
23 

30 
35 

42 
17 

41 
10 

40 
27 

33 
31 



0.907 



0.658 
0.820 

0.554 
0.746 

0.247 
0.236 

0.762 
0.499 

0.855 
0.918 

0.984 
0.917 



Abbreviations: ADC, adenocarcinoma; ADSCC, adenosquamous carcinoma; chemo, 
phospiioribosyltransferase; OS, overall survival; pN, pathologic nodal; pT, pathologic tumor size; 
synthase. 



chemotherapy; NSCLC, non-small cell lung cancer; OPRT, orotate 
sec, squamous cell carcinoma; TP, thymidine phosphorylase; TS, thymidylate 



Table 3 Univariate analysis of OS 

Factors Hazards 9S% confidence P-value 

ratio interval 



Note: *TS negative versus positive. 

Abbreviations: ADS, adenocarcinoma; chemo, chemotherapy; OS, overall survival; 
pN, pathologic nodal; pT, pathologic tumor size; TS, thymidylate synthase. 



the present study found that TS expression was positively 
correlated to OS. Our result is consistent with the findings 
fi'om Zheng et aP*" that high level of TS protein is significantly 
related to longer survival in resected NSCLC patients, sug- 
gesting that high expression of TS is a prognostic factor for 
long survival in resectable NSCLC patients. These results 
were similar to the findings obtained from RRMl and 
ERCC 1 , which are also involved in nucleotide synthesis and 
DNA damage repair.' Moreover, univariate analysis of the 
HR model revealed that TS-negative patients had higher risk 
of death after complete resection; TS was an independent 
marker of survival by the multivariate analysis. Interestingly, 
the expression of TS mRNA (messenger RNA) and/or pro- 
tein was inversely correlated to OS in breast cancer," rectal 
cancer,^^ and gastric cancer.'' The opposite results in different 
studies may have arisen from the following possible factors: 
1) different methodologies - the most common technique 
used for survival analysis is IHC, but results from reverse- 
transcription polymerase chain reaction (RT-PCR) used in 
several studies^' '"' reported different correlation results in 
NSCLC patients;''' 2) patient stage and treatments - different 
from previous findings, this study included NSCLC patients 



Total 

TS status* 1 .766 

Histology 
ADS 

TS status* 2.079 
Age (years) 
<60 

TS status* 1 .890 

pT status 
pTI/T2 
TS status* 3.435 
pN status 
pNO/N I 

TS status* 1.921 
Stage 

Stage ll/lll 
TS status* 1 .594 

Treatment model 

Surgery plus chemo and/or radi; 
TS status* 1 .976 



1.212-2.573 0.003 

1.235-3.500 0.006 

1.061-3.366 0.031 

1.983-5.951 0.000 

1. 162-3.176 0.01 I 

1.036-2.453 0.034 

:ion 

1.226-3.185 0.005 
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from stage I to stage III, and only a small number of patients 
(34.8%) were treated with tegafur; and 3) cell proliferation - 
to our knowledge, although TS could be associated with cell 
proliferation, the significance of TS level in cancers is still 
uncertain."' 

As we know, patients at a late stage of cancer are associated 
with poor survival. In the present study, the significant differ- 
ence between TS expression and patient survival was observed 
mostly in stage II to III cases, suggesting that TS expression 
is a good prognostic factor for patients at stage II to III. For 
stage I NSCLC, TS-positive patients had slightly longer, but 
not significantly longer OS, which is consistent with the results 
from Zheng et al.^' Moreover, we found TS-positive patients 
had significantly longer OS than did TS-negative patients in 
the small tumor size (pTl/T2) and lower lymph node metas- 
tasis (pNO/Nl) subgroups. This suggests thatTS expression 
might have been shown to affect the prognosis of stage I 
patients if we had increased the sample number of stage I. In 
addition, because of compounding factors in stage III (25% 
of patients had only received chemotherapy, 32% of patients 
had only received radiotherapy, 1 1% of patients had received 
concurrent radiochemotherapy, and 32% of patients had not 
received any adjuvant chemotherapy or radiotherapy), whether 
TS expression is also related to the prognosis of stage II or 
stage III NSCLC patients needs further investigation. 

In the present study, we found that the rate of TS-positive 
patients was higher in the subgroup of <60 years, indicating 
that younger patients are associated with longer survival. 
However, the OS rate in TS-negative patients <60 years was 
lower than that in TS-positive patients s60 years (Table 2), 
suggesting that TS expression may affect the outcome of OS, 
regardless of age. 

The present study observed that the patients had better OS 
after adjuvant therapies, suggesting that TS-positive patients 
may be more sensitive to adjuvant therapies. However, 
previous studies*^ ''-' found that low TS expression may be 
an important predictive factor for better treatment efficacy 
of pemetrexed in NSCLC patients. Another study*"* found 
that patients with high TS expression had longer OS after 
receiving pacitaxel plus carboplatin chemotherapy. Since the 
patients in our study did not receive pemetrexed, pacitaxel, 
and carboplatin as adjuvant therapy, it will be interesting 
to investigate whether TS expression is associated with the 
efficacy of adjuvant therapy. 

In addition, we also observed that the frequency of OPRT- 
positive was significantly lower in tumors with lymph node 
metastasis compared with tumors without lymph node metas- 
tasis, and lower in advanced stage than in early stage. These 



results are similar to those of previous studies.''^''"' We failed 
to find a correlation between OPRT expression and patient 
survival, and this finding may suggest that OPRT expression 
may be a marker to predict lymphatic metastasis prior to 
surgery. Our results did not show a correlation between TP 
and survival, which is different from a previous study;^' 
however, in NSCLC patients, the study of the prognostic 
value of TP has been quite limited. 

Conclusion 

The present study suggests that TS expression in tumor tissue 
may be useful for predicting postoperative survival in resect- 
able NSCLC patients, especially in the patients with ADC, 
stage II/III, age <60 years, and adjuvant therapy. However, 
further studies are needed to fully elucidate the importance 
of TS in the prognosis of lung cancer. 
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